Exciton Polarons in Ruddlesden-Popper Metal Halides by Silva, Carlos
EXCITON POLARONS IN 
RUDDLESDEN-POPPER
METAL HALIDES
CA R LO S   S I LVA
S CHOO L  O F  CH EM I S T R Y  AND  
B I O CH EM I S T RY



























































2D PEROVSKITES – OPTICAL PROPERTIES
𝐸 200  𝑚𝑒𝑉
Neutzner…Kandada, Phys. Rev. Mater. 2, 064605
(PEA)2PbI4 – EXCITONS AND SPECTRAL FINESTRUCTURE
DIVERSE CHARACTERISTICS
• Elliott analysis of exciton absorption
Phys. Rev. Materials, 2, 064605 (2018)
• Polaronic nature of excitons: 
Nature Materials, 18, 349 (2019)
• Non-adiabatic exciton relaxation 
Chem. Materials, 31, 7085 (2019)
• Biexcitons: 
Phys. Rev. Materials, 2, 034001 (2018)
• Elastic exciton scattering: 
Phys. Rev. Research 2, 034001 (2019)
• Excitation induced dephasing: 
J. Chem. Phys, 153, 164706 (2020)
• Dark excitonic states:




J. Phys. Chem. Lett, 11, 3173 (2020)
MULTI-POLARON THEORY
Kandada & Silva, JPCL 11, 3173 (2020)
CRITERION FOR EXC-PHONON SCATTERING 
~ 1 ~ 50
Kandada & Silva, JPCL 11, 3173 (2020)




EXCITON LATTICE COUPLING VIA IMPULSIVE VIBRATIONAL SPECTROSCOPY




Thouin…Kandada Nature Materials (2019)
EXCITON PHONON COUPLING VIA IMPULSIVE VIBRATIONAL SPECTROSCOPY
RISRS SPECTRUM – EQUIVALENT TO RESONANT RAMAN OBTAINED 
VIA TIME DOMAIN MEASUREMENT
EXCITON PHONON COUPLING VIA IMPULSIVE VIBRATIONAL SPECTROSCOPY
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MODE M6
Thouin…Kandada Nature Materials (2019)
SUMMARY OF RISRS MEASUREMENTS
Thouin…Silva & Kandada
Nature Materials 18, 349 (2019)
HOMOGENOUS LINEWIDTH FROM 2D SPECTROSCOPY
(PEA)2PbI4: EXCITON LINEWIDTH from 2D SPECTRUM
Thouin..Kandada, Silva, Phys. Rev. Research 2, 034001 (2019)
• Presence of background excitons 
adds to the dephasing rate.
• Manifests in the density 
dependence of the linewidth.
• Dispersive 2D lineshapes are a 
consequence of EID.
Thouin..Kandada, Silva, Phys. Rev. Research 2, 
034001 (2019).
Kandada et al, J. Chem. Phys. 
EXCITATION INDUCED DEPHASING (EID)
TIME DEPENDENT LINEWIDTH AND EID
Kandada et al, J. Chem. Phys. 153, 154115
TEMPERATURE DEPENDENCE OF LINEWIDTH – PHONON 
SCATTERING
Thouin..Kandada, Silva, Phys. Rev. Research 2, 034001 (2019)
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What is the importance of the phonon-phonon scattering in exciton dephasing?
• Critical to the verification of the exciton polaron hypothesis
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Wavelet Transform
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PHONON DEPHASING RATE 
Mode M1 Mode M2
M2 exhibits anharmonicity.
M1 dynamics independent of temperature




What is the importance of the phonon-phonon scattering in exciton dephasing?




2D PEROVSKITES – OPTICAL PROPERTIES AND THE METAL CATION
2D PEROVSKITES – OPTICAL PROPERTIES AND THE METAL CATION
Exciton finestructure exists also in the tin derivatives. 
Folpini….Kandada, J. Mater. Chem. C 8, 10889 (2020) 
2D PEROVSKITES – OPTICAL PROPERTIES AND THE METAL CATION
There are multiple resonances in the linear absorption spectrum
which were absent in the spectrum of the lead derivative.
Folpini….Kandada, ChemrXiv (2021) 
2D TIN PEROVSKITES
• Two stable lattice deformations due to enhanced 
organic-inorganic interactions.
• This leads to the splitting of the valence bands and 
two exciton series
2D TIN PEROVSKITES – TRANSIENT ABSORPTION
Hot carriers
Resonant XLE




 𝜏 ∝ exp
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Exciton formation is assisted by LO phonon scattering
Folpini….Kandada, ChemrXiv (2021) 
PHONON DYNAMICS LEAD Vs TIN
PEA2PbI4
PEA2SnI4
Similar phonon energies, 
from the halogen.
Richer spectrum – due to 
the lattice deformations
XHE IS A POPULATION RESERVOIR
• XLE formation is not complete within a few picoseconds
WHAT DO WE KNOW SO FAR?
• Excitons in 2D hybrid metal halides are coupled to the phonons resulting in a spectral 
finestructure
• The finestructure is NOT composed of phonon-replicas: Distinct excitons
• Exciton-exciton many-body scattering reflects the different lattice dressing of the excitons
• Thermal dephasing of excitons – beyond (simple) exciton-LO phonon scattering
• Peculiar phonon-phonon interactions contributes to the exciton dephasing
• Population relaxes through the multiple exciton states via non-adiabatic coupling to the 
anharmonic phonons
• Metal cation does NOT have significant role in the phonon structure, apart from a few differences 
due to lattice deformations. 
TAKE-HOME MESSAGE 
• Excitons in 2D hybrid metal halides are 
EXCITON POLARONS
ExcitonPhonon
